Introduction

37
Energy security is a fundamental requirement for well-functioning modern societies (Morrissey et as changing beach volume (Castelle et al., 2015) , reduction in sediment supply (Guangwei, 2011) , 51 and the degradation of coastal wetlands (Lotzel et al., 2006) , as well as to human interventions 52 that are socio-economically, politically and culturally determined (Ratter et al., 2016) . To be 53 effective, management tools require the capacity to monitor and project a variety of interlinked 54 physical and societal processes including sea-level rise, storm magnitude/frequency relationships, the ARCoES DST (Fig. 1) . Leaflet , an open source Javascript library, is used to construct the DST to 61 enable the end user to interrogate the matrix of model results using slider bars and tick box 62 options to toggle between hazard or inundation maps and overlay different infrastructure or map 63 views (Knight et al., 2015) . As described in this paper, the ARCoES DST is used in combination with modelling and monitoring of different coastal environments to better understand future coastal 65 vulnerability. Drawing on the interdisciplinary skills of the ARCoES researchers, the ARCoES DST is 66 combined with an economic framework, Real Options Analysis (ROA) to provide an assessment of 67 when it is most cost-effective to implement a new management approach. From a policy 68 perspective, the data produced by the DST, when combined with a Real Options Framework can 69 be used to initiate discussions with coastal practitioners to identify how future vulnerability to 70 coastal flooding may be mitigated through appropriate and timely intervention and adaptation.
71
Importantly, although the methodology is designed for the nuclear energy sector the DST could 72 also be applied for other coastal management needs. and Bradwell (in the southeast). We also focus on Fleetwood (in the northwest) as an example of 82 its application to a community. The paper continues as follows: the methods used to deliver this The coastline at Seascale/Sellafield faces the Irish Sea, the actual location is quite exposed Sizewell, but some measurements were made during a relatively modest storm event in March 118 2013. These revealed that the subtidal bar morphology at this site provides significant protection 119 to the high tide gravel beach from large waves and that the main morphological changes occurred 120 due to longshore sediment transport processes. The most significant wave events along the North
121
Sea coast are from the northeast quadrant, but Sizewell is partly sheltered from such storms 122 because the coastline aligns south-southwest to north-northeast, and potentially the most 123 damaging waves for Sizewell are extremely rare storm waves from the southeast. Interestingly, 124 the storm surge event in 2013, and which caused much erosion and flooding along the east coast 125 of England (Wadey et al., 2015) , was a non-event at Sizewell where Hs at the peak of the storm 126 surge were < 1.5 m.
128
The Bradwell site is characterised by a narrow gravel coastal plain fronted by the silty tidal flat and where the 1DH models have been used to incorporate wave impact the wave direction is always 228 assumed to be directly onshore to generate the worst case scenario. provide a long-term data archive to which a joint probability analysis can be applied to generate These cover conditions that transition from lower WL and higher Hs to higher WL and lower Hs.
265
The conditions that pose greatest flood hazard along the probability curves are selected from an 266 ensemble of 1DH storm impact simulations that generate a range of inflow conditions to impose 267 into LISFLOOD-FP (Prime et al., 2016) . This generates the database of flood maps behind the DST.
268
In this respect, the DST operates as a look-up table.
270
Once the required wave-water level combination has been ascertained a storm tide is created to 
Surveys
305
Storm surveys over a tidal cycle were used to assess the response of different coastal systems and 306 identify features that make them resilient or resistant to storm impact. During an event pre-, 307 during and post-storm topographic data were collected (using a dGPS on a staff pole at low tide) 308 alongside in-situ measurements and remote sensing observations. The in-situ instruments (e.g., 
Long-term monitoring
324
A new monitoring technique has been deployed, which uses a radar-imaged sea surface and an 
Real Options approach (ROA)
362
The financial viability of investment projects or the selection of investment alternatives is typically 363 assessed by cost-benefit analysis. The most widely used method is updating the future cash flows 364 generated by the coastal scheme. This method is often referred as Discounted Cash Flow (DCF). The next section presents a series of applications of the ARCoES DST to demonstrate the versatility 380 of information that can be generated for planning coastal adaptation to climate change. 
Results
383
ARCoES DST
384
The examples presented use LISFLOOD-FP (alone) in applications within the Bristol Channel and 385 Severn Estuary, southwest England. At Hinkley Point (Fig. 5 ) the shoreline management policy is 386 'hold the line' (HTL Fig. 5a ). By selecting a 1 in 200 year storm condition, typical of UK defence 387 standards, we identify a tipping point in the storm hazard rating to people (from low/moderate, The DST is currently set-up to provide a simplified estimate of costs calculated from a depth-427 damage curve for different land uses considering inundation by saltwater (Fig. 7a) . The DST 
Conclusions
484
The ARCoES DST and parallel ROA presented in this paper provide a resource that can be used to 
